1. Liver pteroylpolyglutamate distribution was studied during regeneration after partial hepatectomy in rats maintained under controlled feeding conditions. 2. Pteroylhexaglutamate, pteroylpentaglutamate and pteroyltetraglutamate concentrations decrease from 12 to 72 h after operation, then increase and reach normal values at 180 h. Pteroyltriglutamate concentration, already high at 12 h, remains so in the subsequent periods. Pteroyldiglutamate concentration was unchanged. Monoglutamate concentrations at first decrease, and at 180h exceed normal values. 3. The decrease in polyglutamate derivatives with a high number of glutamate residues, at present considered to be the coenzyme forms of folate, could be related not to a decreased synthesis, but to a greater requirement for these compounds during the early periods of regeneration, when biosynthetic processes are markedly increased. It is indeed probable that the increased availability of the preferred substrate of pteroylpolyglutamate synthetase, i.e. tetrahydrofolate, enhances conversion of folate into coenzyme forms.
In the course of our studies on the regulatory mechanism of biosynthesis and utilization of folate coenzymes, we have investigated folate metabolism in rapidly growing tissues, as these tissues require a larger availability of folate coenzymes, essential as C, donors in the synthesis of purine and pyrimidine nucleotides and in the metabolism of some amino acids (Blakley, 1969; Marchetti, 1971) .
The developing chick embryo showed a constant increase in these coenzymes during growth, particularly on day 12, when biosynthetic processes are more active. The contemporaneous increase in enzymic activities involved in their biosynthesis led us to assume that the larger demand could induce these enzymes to synthesize the suitable coenzymic forms (Landi et al., 1972) .
In the regenerating rat liver after partial hepatectomy, significant variations in folate derivatives were found, especially in the concentration of the reduced forms. In this experimental condition the enzyme activities involved in folate synthesis were also found to be significantly increased (Barbiroli et al., 1975 (Bird et al., 1965; Shin et al., 1972; Houlihan & Scott, 1972; Osborne-White & Smith, 1973) , have been regarded as the storage forms of the vitamin.
There is now considerable evidence that the coenzyme form of folate in mammalian cells is the polyglutamate derivative. In fact studies performed in vitro by testing some polyglutamates and monoglutamates in folate-dependent reactions have shown that each polyglutamate derivative is more active than the corresponding monoglutamate (Coward et al., 1975; Cheng et al., 1975) . This has been shown also in experiments in vivo (Lavoie et al., 1975) .
Therefore pteroylpolyglutamates must now be regarded as the functional coenzymic form of folate. On the other hand, monoglutamate derivatives must be regarded as transport forms of the vitamin (Hoffbrand et al., 1973; Shane & Stokstad, 1976) , whereas di-and tri-glutamate derivatives probably occur only as intermediates in the process of adding glutamate residues to monoglutamates (Leslie & Baugh, 1974 (Barbiroli et al., 1974 (1931) .
The portions of liver excised were rinsed in ice-cold 0.9% NaCl, blotted on filter paper, promptly frozen and stored at -800C. These pieces were used to evaluate folate content in the livers at zero time.
At intervals of 12, 24, 36, 72, 120 and 180h after operation, the rats were killed by decapitation and the livers were quickly removed and subjected to the same treatment.
Separation and determination offolates
The livers were minced and immediately dropped into 4vol. of hot (95°C) 1.1% sodium ascorbate, pH 6, and boiled for 5min in a water bath. After cooling, the whole mixture was homogenized for 60 s and then centrifuged at 12000g for 10minat 40C.
A 2 ml portion of the supernatant, corresponding to 0.4 g of liver, was applied to a Sephadex G-15 column (1.5 cm x 90 cm) prepared by the method of Shin et al. (1975) . Elution of poly-and monoglutamates was carried out with 0.025 M-potassium phosphate buffer, pH 7, containing 0.2 M-2-mercaptoethanol; 120 fractions (1.7 ml) were collected at a flow rate of 7 ml/h.
The folate activity in the single fractions was determined by microbiological assay before and after conjugase treatment (Bird et al., 1965) . Conjugase was prepared from hog kidney as described by Eignen & Shockman (1963) .
Microbiological assay was carried out with Lactobacillus casei (A.T.C.C. 7469) by the procedure of Waters & Mollin (1961) with some modification Tolomelli et al., 1977) . The identity of each folate compound was determined by its absorption spectrum and by kav values of standard polyglutamates.
Results and Discussion Fig. 1 shows the elution profiles of pteroylglutamates in rat liver during 7 days of regeneration after partial hepatectomy, and results in Table 1 show the liver contents of the single forms of polyglutamates in the same experimental conditions. PteGlu5 and PteGlu6 concentrations showed an almost constant decrease between 12 and 72h after partial hepatectomy, whereas from 72 to 180h they reached normal values again. Also PteGlu4 concentrations show a very similar behaviour. PteGlu3 concentration was found to increase after 12h, and remained high in the subsequent times studied. PteGlu2 concentration did not show a significant variation. PteGlu concentration decreased during the early times of regeneration, whereas afterwards it reached the zero-time values and even exceeded them. The first noteworthy result of this research is the considerable decrease in liver higher polyglutamate forms of folate during the early phases of regeneration. Such a decrease can be related not to a lower synthesis, but to a greater utilization of these compounds when biosynthetic processes are largely increased, as is the case during the early periods of regeneration.
It is known that liver DNA synthesis is at a maximum at 21h after partial hepatectomy in rats maintained under our experimental conditions (Barbiroli & Potter, 1971) , and it is well known that this synthesis, as well as RNA and protein synthesis, are folate-dependent processes.
The great demand of these coenzymes can increase the conversion of mono-into poly-glutamates by stimulating pteroylpolyglutamate synthetase activity. This is suggested not only by the increase in PteGlu3 concentration, an intermediate in the polyglutamate synthetic pathway (Leslie & Baugh, 1974) , but also by the decrease in monoglutamates. Consequently, the polyglutamate/monoglutamate ratio is very high at 24 h, higher than that observed at zero time (see Table 1 ).
Pteroylpolyglutamate synthesis in regenerating liver is favoured by a larger availability of particular monoglutamates, which are direct precursors in this synthesis. In fact it was demonstrated by experiments in vitro that pteroylpolyglutamate synthetase utilizes reduced rather than oxidized forms as preferred substrates. Among the reduced forms, tetrahydrofolate seems to be the preferred one, whereas 5-methyltetrahydrofolate is utilized only in very small amounts (Masurekar & Brown, 1975; Ritari et al., 1975; HofThrand et al., 1976) . This is also supported by experiments performed in vivo in different experimental conditions, i.e. (a) in vitamin B12-deficiency a decrease in liver pteroylpolyglutamate synthesis is attributed to an increase in 5-methyltetrahydrofolate at the expense of other reduced forms (Shin et al., 1975) ; (b) in methotrexate-treated rats the same result is obtained by inhibiting the synthesis of tetrahydrofolates (Brown etal., 1974) .
In regenerating liver, the biosynthetic process can be supported by the increase in tetrahydrofolate synthesis and by the contemporaneous decrease in methyltetrahydrofolate content (Barbiroli et al., 1975) .
Our present findings suggest the presence of a regulatory mechanism of folate coenzyme availability depending on cellular requirements. Such a mechanism would be based on the regulation of enzyme activities involved in: (1) the reduction of folate to tetrahydrofolate; (2) the attachment of various C, units; (3) the addition of y-glutamate residues.
